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The influenza virus belongs to the *Orthomyxoviridae* family. It infects epithelial cells of the nose, larynx, trachea, and bronchi, damaging the epithelium of the respiratory system. The influenza A virus consists of eight RNA segments coding for at least ten proteins (Brydak [@CR3]). It is divided into subtypes based on the properties of surface antigens, i.e., neuraminidase (NA) and hemagglutinin (HA). There are 18 antigenic HA subtypes (H1--H18) and 11 NA subtypes (N1--N11) (Tong et al. [@CR9]). Type B influenza virus is not categorized into subtypes. It is divided into two phylogenetically and antigenically different lines: Victoria and Yamagata, which are circulating worldwide in various proportions (Webster et al. [@CR11]).

The epidemic season lasts from the beginning of October of a year to the end of September the following year (52 weeks). The annual influenza epidemic affects 3--5 million people worldwide, 20--30% of whom are children. Influenza is a health scourge causing severe complications. There are around 290,000--650,000 deaths yearly. Influenza B virus most often affects children and young adolescents (0--17 years of age) and adults of 25--44 years of age (Vijaykrishna et al. [@CR10]; Socan et al. [@CR8]). Unlike the influenza A virus, the influenza B virus does not cause pandemics (Caini et al. [@CR4]).

Poland has been a member of the European Influenza Surveillance Network (EISN) since 2001. Since the 2004/2005 epidemic season, it has also participated in the Sentinel surveillance system. Virological and epidemiological data had initially been recorded in four age groups: 0--4, 5--14, 15--64, and ≥ 65 years of age. The system has been revised as of the 2013/2014 season to narrow the age group range to 0--4, 5--9, 10--14, 15--25, 26--44, 45--64, and ≥ 65 years of age (Bednarska et al. [@CR2]) in order to better illustrate the epidemiological situation.

The aim of this study was to investigate the virological and epidemiological situation during the two successive influenza epidemic seasons in Poland of 2016/2017 and 2017/2018.

Methods {#Sec2}
=======

The evaluation of the epidemiological situation in the epidemic seasons 2016/2017 and 2017/2018 was based on the data obtained from weekly epidemiological reports prepared jointly by the Department of Influenza Virus Research, National Center for Influenza of the National Institute of Public Health-National Institute of Hygiene (NIPH-NIH), and the Chief Sanitary Inspectorate in Warsaw, Poland. Reports concerned the incidence of both clinically and laboratory-confirmed influenza and influenza-like illnesses and also acute respiratory tract infections, according to the criteria set for the surveillance of influenza in the EU. Virological diagnostic tests were performed in the laboratories of the Provincial Sanitary and Epidemiological Stations and were verified in the NIPH-NIH within the influenza surveillance Sentinel and non-Sentinel systems. The tests were performed on clinical samples collected by primary care physicians from patients suspected of being infected with influenza and influenza-like viruses. Molecular methods were employed to define the genetic viral material.

The genetic material was isolated from 200 μL pharyngeal swab specimens suspended in physiological saline or phosphate-buffered saline (PBS). RNA isolations were performed using a Maxwell 16 Viral Total Nucleic Acid Purification Kit (Promega Corporation, Madison, WI). The procedure was carried out in accordance with the manufacturer's instructions. Molecular analysis was performed in a LightCycler 2.0 instrument (Roche Diagnostics, Rotkreuz, Switzerland). The reaction mixture contained the following ingredients in 20 μL capillaries: MgSO~4~, bovine serum albumin (BSA), reaction buffer, RNAse-free water, SuperScript®III/Platinum®Taq Mix (Invitrogen Life Technologies -- Thermo Fisher Scientific, Carlsbad, CA), 0.5 μL probe, and 0.5 μL (20 nM) primers. Probes and primers were obtained from the International Reagent Resource (IRR) established by the Centers for Disease Control and Prevention (CDC). Five microliters of RNA was added to each sample of reaction mixture. Negative control was RNAse-free water, while positive control was RNA of strains included in the influenza vaccine for a given epidemic season.

To determine the influenza-like virus infection, clinical material was investigated using an RV15 OneStep ACE Detection Kit (Seegene, Seoul, South Korea). This multiplex kit detects genetic material of the following respiratory viruses: influenza types A and B; adenovirus (ADV); respiratory syncytial viruses (RSV) A and B; human metapneumovirus (hMPV); human coronavirus (hCoV); human parainfluenza viruse (hPIV) types: 1, 2, 3, and 4; human bocavirus (hBoV); and enterovirus (EV).

Data were expressed as counts of the incidence per 100,000 population in a given epidemic season, as total, and by age groups. Differences between the percentages of confirmed cases of influenza infection between the corresponding age groups of the two epidemic seasons were assessed with a two-sample *t*-test. A p-value of \<0.05 defined statistically significant differences.

Results and Discussion {#Sec3}
======================

In the 2016/2017 epidemic season, i.e., from 01/10/2016 to 30/09/2017, a total of 3,977 specimens were tested in Poland, with a positive diagnostic yield of 44.9%. Among positive samples, influenza viruses accounted for 94.5%, whereas influenza-like viruses accounted for 5.5% of the infections. Virological molecular analysis revealed that 97.6% of influenza infections in the whole population were caused by type A virus, of which 66.8% were unsubtyped A virus and 31.2% were subtype A/H3N2/. The remaining 2% were infections caused by influenza type B virus. RSV predominated among influenza-like viruses (85.7%). Figure [1](#Fig1){ref-type="fig"} presents the percentage distribution of influenza viruses by age groups in the 2017/2018 season. The highest percentage of confirmed cases of influenza A infections was in the age group of 26--44 years (99.1%), while that for influenza type B was in the age group of 5--9 years (6.8%).Fig. 1Confirmations of influenza infection by age groups in the 2016/2017 epidemic season

For comparison, in the 2017/2018 epidemic season, 5,793 specimens were tested, with a positive diagnostic yield of 43.8%. In contrast to the preceding season when type A virus predominated, in this season type B virus was a dominant contagion. It accounted for 33.5% of confirmed influenza infections, whereas type B virus accounted for 63.3% and influenza-like viruses for 3.2% infections in the whole population. Among the subtypes of influenza A virus, subtype A/H1N1/pdm09 predominated in 85.9% of cases. RSV predominated in 63.1% of influenza-like infections. Figure [2](#Fig2){ref-type="fig"} presents the percentage distribution of influenza viruses by age groups in the 2017/2018 season. The highest percentage of confirmed cases of influenza A infections was in the age group of 0--4 years (66.8%), while that for influenza type B was in the age group of 65+ years (76.6%).Fig. 2Confirmations of influenza infection by age groups in the 2017/2018 epidemic season

The number of confirmed cases of influenza infections, relative to the number of samples tested, was significantly larger in the 2017/2018 season, compared with the preceding season, in the 0--4 years (p \< 0.001), 5--9 years (p = 0.003), and 65+ years (p = 0.001) of age groups.

In the 2016/2017 season, overall 12 coinfection were detected: 9 between influenza viruses, 2 between influenza A virus and RSV, and 1 between influenza-like viruses. However, there were no coinfections detected in the patients of 26--44 years of age (Table [1](#Tab1){ref-type="table"}). On the other side, three coinfections in this age group were detected in the 2017/2018 season. Overall, there were 17 coinfections detected in the later season: 11 between influenza viruses, 2 between influenza viruses and influenza-like viruses, and 4 between influenza-like viruses (Table [2](#Tab2){ref-type="table"}).Table 1Coinfections in the 2016/2017 epidemic seasonPatient age (years)Type of coinfectionEpidemic week56A/H3N2/ + B5070A/H3N2/ + B504A/H3N2/ + B5170A/H3N2/ + B5150A/H3N2/ + B5167A/H3N2/ + B518A/H3N2/ + B179A/H3N2/ + B24A + B370A/H3N2/ + RSV463PIV-1 + EV54A/H3N2/ + RSV7A + B, influenza virus A and B; RSV, respiratory syncytial virus; PIV-1, human parainfluenza virus type 1; EV, enterovirusesTable 2Coinfections in the 2017/2018 epidemic seasonPatient age (years)Type of coinfectionEpidemic week16RSV + hCoV27A/H3N2/ + B39A/H3N2/ + B470A/H3N2/ + B55hCoV + PIV 1, 2, 355PIV-1 + PIV 2764A/H1N1/pdm09 + B833RSV + B84A/H3N2/ + B92RSV + B103A/H1N1/pdm09 + B1071A + B1046A + B103PIV- 1 + hMPV1040A + B1135A/H3N2/ + B1169A + B12RSV, respiratory syncytial virus; hCoV, human coronavirus; A + B, influenza virus A and B; PIV 1, 2, and 3, human parainfluenza virus type 1, 2, and 3; hMPV, human metapneumovirus

The overall number of suspicions of influenza and influenza-like infections in Poland was larger in the 2017/2018 season than that in 2016/2017: 5,337,619 vs. 4,919,110, respectively. Likewise, there were 18,320 hospitalizations and 48 deaths recorded due to influenza in the 2017/2018 season vs. 16,890 hospitalizations and 25 deaths in 2016/2017.

In the 2016/2017 season, the incidence of influenza was 1,692 per 100,000 population. The influenza A virus, subtype A/H3N2/, was the predominant one in that season. However, in the most recent 2017/2018 epidemic season, the incidence was greater, exceeding 1,782 per 100,000 already by August of 2018. In this season, influenza B virus predominated, while A/H1N1/pdm09 strain was most frequent among the influenza A subtypes. The peak incidence, based on the number of clinical specimens tested, was in weeks 4--5 of 2017 and week 8 of 2018 in the respective seasons (Figs. [3](#Fig3){ref-type="fig"} and [4](#Fig4){ref-type="fig"}).Fig. 3Influenza and influenza-like infections in the 2016/2017 epidemic seasons in the Polish population by age groups, according to the National Institute of Public Health-National Institute of Hygiene in WarsawFig. 4Influenza and influenza-like infections in the 2017/2018 epidemic seasons in the Polish population by age groups, according to the National Institute of Public Health-National Institute of Hygiene in Warsaw

Across the whole of Europe, virus type A subtype A/H3N2/predominated in the 2016/2017 season (ECDC [@CR5]), which was akin to the epidemiological situation at the time in Poland. However, in the following 2017/2018 season, the predominance switched to type B Yamagata lineage virus in Europe. Among somehow less frequent influenza A infections, confirmed in 37% of all cases, circulation of A/H1N1/pdm09 and A/H3N2/strains was most commonly noticed (Adlhoch et al. [@CR1]; ECDC [@CR6]). In this season, the epidemic was longer than usual (Groeneveld et al. [@CR7]). Influenza A/H3N2/virus infections are considered more severe and more often affecting people over the age of 65, leading to outbreaks in long-term nursing homes and causing a high rate of hospitalization and mortality in this age group. B viruses, on the other side, are described as causing a milder disease and affecting younger age groups (Webster et al. [@CR11]).

In conclusion, the recent 2017/2018 epidemic season clearly consisted of the increased number and severity of influenza infections, with a shift from type A to type B virus predominance. This report underscores a fleeting viral multifariousness of influenza infection and the need to prepare adequate anti-influenza shots every season. To this end, a quadrivalent vaccine, consisting of two antigens of influenza A subtypes and another two of type B virus, was introduced in Poland as of the 2017/2018 season. Nonetheless, the vaccination rate remained at a dismal level, one of the lowest in Europe, fluctuating between 3% and 4% of the general Polish population. Thus, the epidemiological situation calls for the continuing promotion of awareness and education in the fight against influenza infection through the vaccination programs across all of the population segments.
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